Background Tuberculosis (TB) is a major cause of morbidity and mortality among children infected with HIV. Strategies to prevent TB in children include isoniazid preventive therapy (IPT) and antiretroviral therapy (ART). IPT and ART have been reported to reduce TB incidence in adults but there are few studies in children. Objective To investigate the combined effect of IPT and ART on TB risk in children infected with HIV. Methods A cohort analysis was done within a prospective, double-blinded, placebo-controlled trial of isoniazid (INH) compared with placebo in children infected with HIV in Cape Town, South Africa, a high TB incidence setting. In May 2004 the placebo arm was terminated and all children were switched to INH. ART was not widely available at the start of the study, but children were started on ART following the establishment of the national ART program in 2004. Data were analysed using Cox proportional hazard regression. Results After adjusting for age, nutritional status and immunodeficiency at enrolment, INH alone, ART alone and INH combined with ART reduced the risk of TB disease by 0.22 (95% CI 0.09 to 0.53), 0.32 (95% CI 0.07 to 1.55) and 0.11 (95% CI 0.04 to 0.32) respectively. INH reduced the risk of TB disease in children on ART by 0.23 (95% CI 0.05 to 1.00). Conclusions The finding that IPT may offer additional protection in children on ART has significant public health implications because this offers a possible strategy for reducing TB in children infected with HIV. Widespread use of this strategy will however require screening of children for active TB disease. Trial registration Trial registrationdClinical Trials NCT00330304.
INTRODUCTION
Tuberculosis (TB) is an important cause of morbidity and mortality in children living in high TB incidence settings. 1 2 The incidence and severity of childhood TB is increased by HIV infection. A recent study reported a RR for developing culture-proven TB in infants infected with HIV of 24.2 (95% CI 17 to 34) compared with infants without HIV infection. 3 Furthermore, children infected with HIV and TB are at risk of more rapid progression to disease, more severe disease and increased mortality. 4e6 BCG vaccination, isoniazid preventive therapy (IPT) and antiretroviral therapy (ART) are possible strategies to prevent TB in children infected with HIV. WHO guidelines have recently been revised to recommend against BCG vaccination in infants infected with HIV because of the high risk of disseminated BCG and associated mortality. 7 Limited data suggest that IPT 8 or ART 9 10 can independently reduce TB incidence and mortality in children infected with HIV. The authors have previously reported that IPT (irrespective of TB exposure) reduced the risk of TB in children infected with HIV not on ART by approximately 50%. 8 11 Another South African study found that IPT did not decrease risk of TB in children under 12 months infected with HIV. 12 These studies have informed the recent revised WHO guidelines recommending IPT for 6 months for all children over 12 months of age infected with HIV. 13 A retrospective study found that ART substantially reduced TB incidence in children infected with HIV, with 53 TB cases per 100 patient years prior to use of ART compared with 6.4 on ART. 9 However, children infected with HIV on ART still have a higher risk of TB than children without HIV infection. 9 Observational studies suggest that isoniazid (INH) preventive therapy is protective in adults receiving ART. 14 15 Several randomised trials investigating the combined effect of IPT and ART are underway in adults but data in children are scarce. The objective of this study was to investigate the combined effect of IPT and ART on TB risk in children infected with HIV living in a high TB incidence setting.
METHODS
A cohort study was performed as part of a prospective, double-blinded, placebo-controlled trial of
Key messages
What is the key question?
< Does isoniazid preventive therapy (IPT) reduce tuberculosis (TB) in HIV-infected children on antiretroviral therapy (ART)?
What is the bottom line?
< IPT provides additional protection against TB disease in children taking ART.
Why read on?
< To examine how to safely reduce TB using IPT and ART in combination.
INH, given with cotrimoxazole either daily or three times a week in children infected with HIV in two centers in Cape Town, South Africa. The study area has one of the highest incidence rates of childhood TB globally, 407/100 000 in children under 2 years of age. 16 The study started in January 2003; in May 2004 the placebo arm was terminated on the recommendation of the Data Safety and Monitoring Board (DSMB) because interim analyses demonstrated significant benefit of INH on mortality, the primary outcome. INH was found to reduce mortality by 54% (95% CI 0.22% to 0.95%). 8 Thereafter, all children were placed on INH daily or three times a week until December 2007 when INH was discontinued on the advice of the DSMB because almost all of the children had started on ART.
A cohort analysis was performed to investigate the combined effect of INH and ART on TB risk in children enrolled in the study from January 2003 to December 2007.
Study population
The study population comprised children older than 8 weeks infected with HIV attending Red Cross Children's Hospital, University of Cape Town or Tygerberg Children's Hospital, Stellenbosch University. Ninety eight per cent of children were black South African from low socio-economic background. Inclusion criteria were a weight greater than 2.5 kg, and ability to attend regular follow-up visits. Exclusion criteria were current use or need for IPT, prior hypersensitivity to sulphur drugs or INH, severe anaemia (haemoglobin <70 g/litre), neutropaenia (absolute neutrophil count <400 cells/ml) and non-reversible renal failure. TB disease at the time of enrolment was not an exclusion criterion but children completed TB therapy according to national guidelines and thereafter were randomised to INH or placebo. All children were classified according to WHO clinical staging (stage 1 to 4).
Follow-up
The study team evaluated the children every 4 weeks for the first 6 months, every 6 weeks for the second 6 months and thereafter every 2e3 months depending on medical and social circumstances. Clinical and historical data were collected at each visit. A tuberculin skin test (TST, 2 TU RT23, Staten Serum Institute, Copenhagen, Denmark), and chest radiograph were done at 6 monthly intervals. A child exposed to a TB source (case), hospitalised for respiratory illness, or developing symptoms of TB at any time during the study period was investigated for TB infection and disease. For pulmonary TB this included a TST, a chest radiograph and two induced sputum specimens for acid fast staining and Mycobacterium tuberculosis culture. Additional specimens were submitted as clinically indicated. Children exposed to a household TB case were given IPT according to standard guidelines and then returned to their initial randomisation without being unblinded. 
Isoniazid preventive therapy

Antiretroviral therapy
ART was not widely available at the start of the study but was obtained for some children through participation in pharmaceutical trials or charitable donations. Children were started on a double nucleoside reverse transcriptase inhibitor (NRTI) backbone (zidovudine, lamivudine, stavudine) combined with either a non-nucleoside reverse transcriptase inhibitor (NNRTI) (efavirenz or nevirapine) or a protease inhibitor (ritonavir/lopinovir or ritonavir only). Standard guidelines for ART in children Figure 1 Children included in the study. ART, antiretroviral therapy; INH, isoniazid; TB, tuberculosis.
were developed after the establishment of the national ART program in 2004. Thereafter increasing numbers of children initiated therapy according to medical and social criteria described in the national guidelines.
Diagnosis of TB
Cases of TB were classified as definite or probable according to clinical, radiological and microbiological findings as follows: definite TB: culture positive for M tuberculosis on a sputum or other sample; probable TB: chest radiograph suggestive of TB (lymphadenopathy, miliary pattern, pleural effusion, bronchial compression or parenchymal infiltrate) plus at least one of the following: a positive TST, a history of a close contact with an adult with TB, loss of weight or failure to gain weight within the previous 3 months, or a positive smear microscopy for acid fast bacilli on sputum. Chest radiographs were reported by a single radiologist, blinded to the diagnosis of TB, according to a standardised format. Probable cases were reviewed by an independent experienced paediatrician blinded as to whether the child was on INH, placebo and/or ART.
Study design
A prospective cohort study was performed to investigate the effect of INH and ART on TB incidence. Children were censored at death, date of TB diagnosis, loss to follow-up or on the 31 December 2007. Children could contribute time to four groups: time on placebo only, time on INH only, time on ART only, time on ART and INH (figure 1).
Confounding variables
The degree of immunodeficiency at enrolment was grouped according to WHO CD4 classification. 17 Categories 1 and 2 (insignificant or mild) and categories 3 and 4 (moderate or severe) were grouped together. WHO clinical staging at enrolment was grouped as stage 1 and 2 or stage 3 and 4 combined. The z-scores for nutrition were grouped as less than e2 (normal or mild) or greater than e2 (moderate or severe).
Statistical analysis
All analysis was conducted using Stata (version 10.1, College Station, Texas, USA). Descriptive statistics of the baseline data and follow-up data of the cohort were calculated as medians, 25th and 75th percentiles and frequencies.
Cox proportional hazards regression was performed using time since randomisation as the time scale. Records were split for time-dependent exposure and age at follow-up. The analysis was performed taking dependency of records into account. Univariable analyses were conducted using immunodeficiency, anthropometric z-scores and age at enrolment (grouped as 0e2 years, 2e5 years and more than 5 years), gender, prior TB, daily or three times per week regimens for INH/cotrimoxazole, placebo, INH, ART and INH and ART. Hazard proportionality was assessed by analysis of scaled Schoenfeld residuals.
Age at follow-up and immunodeficiency at enrolment were included a priori in the multivariable model. Possible other confounders including WHO clinical staging and nutritional status at enrolment, prior TB, and gender were assessed for their impact on the effect estimates. Variables acting as confounders were included in the final model.
Ethical approval
The study was approved by the ethics committees of the Faculty of Health Sciences, University of Cape Town and of Stellenbosch University. Written informed consent was obtained from a parent or legal guardian.
RESULTS
Baseline characteristics
Two hundred and ninety eight children (median age 2.09 years) were enrolled. At enrolment 117 children were randomly assigned to receive placebo and 181 to INH (figure 1). Of 117 children assigned to receive placebo, 78 were switched to INH after May 2004 while 39 were censored (lost to follow-up, died or diagnosed with TB) before May 2004. In summary there were three INH groups: children who received INH throughout follow-up (n¼181); children who initially received placebo and were then switched to INH (n¼78); and children who only received placebo during follow-up (n¼39). Overall, 39 (13%) children were on ARTat enrolment, while 135 (45%) started ART during the study. At enrolment, most children were mildly undernourished with a median height for age z-score of À1.91 and weight for age z-score of À1.34 (table 1) . The majority had severe clinical (table 1) . Forty-one (13%) children were diagnosed with TB at enrolment. The median follow-up time was 21.7 months with a median time on INH of 20.3 months and median time on ART of 17.9 months. During this period, 39 cases of TB were diagnosed (19 definite and 20 probable). INH was well tolerated with excellent adherence using pill count and adherence counselling. 18 There was no increased risk of elevated liver enzymes, jaundice or fulminant liver failure in children taking ART and IPT. 19 
Effect of INH, ART and INH plus ART
Univariable Cox regression analysis showed no association between gender, weight for age z-score, weight for height z-score and history of TB disease ( 
DISCUSSION
This is the first study to suggest that IPT reduces TB risk in children receiving ART. Overall, there was a 0.11 risk reduction of TB disease in children receiving both INH and ART compared with children receiving neither. While INH and ART independently reduced TB risk by 0.22 and 0.32 respectively, the combination of INH and ART reduced the risk by 0.11. In children on ART, INH reduced the risk of TB disease by 0.23.
The protective effect of ART on TB risk has been previously reported in children. 9 10 ART reduces susceptibility to M tuberculosis by improving immunity, and enabling more effective containment of TB infection. 20 21 The benefit of IPT in preventing TB disease in TST-positive HIV-infected adults has clearly been shown. 22 Studies in HIV-infected adults found a TB risk reduction of 76% in those receiving IPT and ART compared with those receiving neither. 14 15 A possible explanation for this added benefit is the effect of INH in treating latent infection and preventing progression to disease. In young children, TB disease usually represents progression of primary infection rather than reactivation of latent infection, therefore the mechanism of the additional effect of IPT in children receiving ART as occurred in our study may be through containment of primary infection. Diagnosis of TB infection or pulmonary disease is challenging in children infected with HIV because of anergy and difficulty in obtaining a microbiological diagnosis. A concern for implementing IPT is inadvertent use in pulmonary TB, thereby promoting drug resistance. In this study all children were carefully screened for TB at enrolment, including repeated induced sputum samples. As evidence of the effectiveness of screening, 41 (13.8%) children were diagnosed with TB at enrolment and started on TB therapy. This high proportion of newly diagnosed TB through active case finding highlights the importance of appropriate screening tools before the rolling out of IPT.
Intensive surveillance for TB infection and disease was done in the study through close clinical, radiological, immunological and microbiological follow-up. We did not identify TB in any of the children who died. Three children developed INH-resistant TB, although one had contact with a multidrug resistant case. A study including children from this cohort reported 3.4% of grade 3 and 4 elevation in alanine transaminase (ALT) in children on ART and INH. All children were asymptomatic and no children developed clinical jaundice or fulminant hepatic failure. 18 Age, nutritional status and CD4 count at enrolment were confounders and as such included in the final multivariable model. The association between age and TB did not reach significance, which is not unexpected because unlike immunecompetent children in whom the risk of developing severe TB disease is highest in infants, HIV-infected children are at risk of M tuberculosis disease at all ages. The level of immunodeficiency was not significantly associated with TB in this cohort. Most children had moderate or severe immunosuppression at enrolment but CD4 percentage is unlikely to correlate with CD4 percentage during follow-up because use of ART during the study would affect CD4 measures.
The strengths of this study include blinding to eliminate diagnostic bias and follow-up of long duration that ensured reliable outcome ascertainment. A limitation of this study was that ART was not randomly allocated. The early termination of the placebo arm reduced the follow-up time that this group could contribute, and may have reduced the power but continuation of the placebo arm was not ethically possible, given the effect of INH on mortality and the recommendation by the DSMB. 8 Survival bias might have potentially influenced the results. When the data were analysed using a nested matched case control design, where one case was matched on age and followup time to one to four controls, the results were similar to the cohort study. Changes in TB incidence, for example, a decrease in TB incidence, could also have biased the estimates. National and local TB incidence was increasing during the study period. 23 Finally, the protective effect of ART is not immediate and may be seen many months after initiating treatment. The study was done over 5 years with a median follow-up time of 20 months, thus enabling sufficient time to investigate the effect of ART.
Initiation of ART may unmask TB, which could dilute the possible protective effect of ART on TB risk. Because of the young age group, latent TB infection is not common and thus immune reconstitution inflammatory syndrome (IRIS) because of unmasking would be unlikely. In addition, no cases of BCG IRIS were documented. Currently IPT is not recommended for children younger than 12 months infected with HIV (without history of TB exposure). 13 If IPT, ART and cotrimoxazole prophylaxis were to be initiated as a 'package of care' at 2e3 months of age, then the need to screen for active TB would be greatly reduced and IRIS would be less likely.
The finding that IPT is protective in children on ART has significant public health implications because this offers a possible strategy for reducing TB in children infected with HIV. The effect of IPT is obviously dependant on the level of TB exposure and the results of this study should be interpreted in a context of a high TB prevalence setting. They may not apply to a low TB prevalence setting. Widespread use of this strategy will however require screening of children for active TB disease. The optimal duration of IPT has not been established, but long-term use as in this study appears effective and safe.
CONCLUSION
This is the first study to suggest a protective effect of INH in children on ART. The expansion of IPT for children infected with HIV has a number of health system challenges, including the ability to detect and exclude active TB disease before commencing IPT. Nevertheless, IPT may safely reduce TB incidence in children infected with HIV on ART. Further studies are needed to determine the optimal duration that IPT can be safely continued in children infected with HIV who are continuously exposed to TB in high incidence settings. 
